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1
IMAGE PROCESSING DEVICE THAT
PERFORMS TRACKING CONTROL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an image processing device which
performs image processing.

2. Background Art

In recent years, in-vehicle cameras have been developed
and are becoming widespread for supporting driving. These
cameras not only show a user an image, but also are provided
with a function for automatically detecting a lane mark, or
vehicles using imaging processing, and in which a function of
preventing an accident of a vehicle departing from the lane
mark, or a function of following a preceding vehicle has been
developed. In general, in order to execute these two functions,
radar equipment such as a mill wave radar, or a laser radar, and
the in-vehicle camera are used. There is a problem of high
cost since two types of sensors are used.

Therefore, a technology is required in which a function of
executing a tracking control, and lane mark keeping is
executed only using an image obtained from the camera. As a
technology of performing the tracking control only using an
image obtained from a camera, a method which is described
in JP-A-2002-74598 has been proposed.

In the method, the width of a preceding vehicle on an image
at a certain time t is obtained, and is registered as an amount
of'standard characteristics, the width of the preceding vehicle
on the image which is obtained at a time t+N thereafter is
obtained, and the speed of the vehicle is controlled so as to
match the amount of standard characteristics. For example,
when the width of the preceding vehicle on the image at time
t is 20 pixels, and the width of the preceding vehicle on the
image at time t+N is 25 pixels, it is possible to execute the
tracking control by controlling the speed of the own vehicle to
be lowered, since the own vehicle is close to the preceding
vehicle.

SUMMARY OF THE INVENTION

However, in the method in JP-A-2002-74598, it is neces-
sary to obtain the width of the preceding vehicle on the image.
In addition, there is a problem that it is difficult to detect a
minute change of the magnitude of the preceding vehicle on
the image.

An object of the present invention is to provide an image
processing device in which it is possible to obtain an accurate
parameter from a minimal change of an image, and to execute
a precise tracking control of a preceding vehicle using only
image information from an imaging device.

According to an aspect of the invention, there is provided
an image processing device which performs tracking control
based on the controlled variable of the own vehicle with
respect to a moving object which is travelling forward, and
includes, an image processing unit which specifies an area of
a moving object from an input image, sets the specified area
of the moving object as a reference image area after starting
the tracking control, and sets an area of the moving object
after a predetermined time as a comparison image area; a
comparison unit which compares the set reference image area
and the comparison image area with each other, and calcu-
lates travelling information relating to the moving object; and
a controlled variable calculation unit which calculates the
controlled variable of the own vehicle from travelling infor-
mation which is calculated in the comparison unit.
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According to another aspect of the invention, there is pro-
vided an image processing device which performs travelling
control within lane marks based on the controlled variable of
the own vehicle, and includes, an image processing unit
which detects the lane marks on the road from an input image,
sets an area of the detected lane mark as the reference image
area, and sets an area of the lane mark after a predetermined
time as a comparison image area; a comparison unit which
compares the set reference image area and the comparison
image area with each other, and calculates a translation com-
ponent of the image, and a rotation parameter of the image;
and a controlled variable calculation unit which calculates a
controlled variable of turning of the own vehicle from a
translation component of the image, and the rotation param-
eter of the image which are calculated in the comparison unit.

According to the aspects of the invention, it is possible to
provide an image processing device in which it is possible to
obtain an accurate parameter from a minute change of an
image, and to execute a precise tracking control of a preced-
ing vehicle using only image information from an imaging
device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram which shows an embodiment of
an image processing device according to the invention.

FIG. 2 is a diagram which shows a configuration example
of'an image processing system in which an image processing
device according to the invention is used.

FIG. 3 is a diagram which shows another configuration
example of the image processing system in which the image
processing device according to the invention is used.

FIG. 4 is a diagram which describes setting of an image
area according to a first embodiment of the image processing
device in the invention.

FIG. 5 is a diagram which shows an example of a process-
ing flow according to the first embodiment of the image
processing device in the invention.

FIG. 6 is a diagram which shows an example of a process-
ing flow of setting a reference image according to the first
embodiment of the image processing device in the invention.

FIG. 7 is a diagram which shows an example of a process-
ing flow of image comparison according to the first embodi-
ment of the image processing device in the invention.

FIG. 8 is a diagram which describes setting of an image
area according to a second embodiment of the image process-
ing device in the invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the invention will be
described with reference to drawings.

First Embodiment

FIG. 1 is a block diagram which shows an example of a
basic configuration of an image processing device 1 accord-
ing to a first embodiment of the invention. Detailed descrip-
tions will be made later.

The first embodiment is a control method of the image
processing device 1 which performs processing with respect
to an image read from a camera 4 as an imaging device, and
performs a tracking control of a preceding vehicle as a mov-
ing object which is travelling in front of the own vehicle based
on the controlled variable of the own vehicle.

The image processing device 1 according to the invention
is applied to the image processing device 1 and a control
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device 13 as shown in FIG. 2, images the surrounding envi-
ronment using the camera 4 (imaging device) included in the
image processing device 1, performs processing of an image,
and executes a function of controlling a vehicle.

At this time, the image processing device 1 may be pro-
vided with two or more cameras. In addition, as shown in FIG.
3, the image processing device 1 in FIG. 1 may have a con-
figuration in which a camera unit 2 (including the camera 4,
image input means 5 which takes in an image from the camera
4, and an I/F 42 which outputs the read image), and a pro-
cessing unit 3 (including an I/F 43 which inputs an image
from the camera unit 2, a memory 9 which stores the taken-in
image, a CPU 6 which performs processing of the taken-in
image, and a ROM 7 which stores an image processing pro-
gram for processing an image in the CPU 6) separately per-
form processing, and an image input from the camera unit 2 is
processed in the processing unit 3. Hereinafter, the configu-
ration in FIG. 2 will be described as an example. The camera
4 is installed, for example, in the vicinity of a rearview mirror
in a vehicle so that the front of the vehicle is reflected.

The image processing device 1 is configured by the camera
4 as the imaging device, the CPU 6 as processing means for
processing an image which is imaged using the camera 4, the
memory 9 as recording means for the CPU 6 which stores the
image, and a processing result which is processed in the CPU
6, the ROM 7 as recording means of the image processing
program for performing processing in the CPU 6, and image
input means 5 for controlling the camera 4 and taking in an
image, and these are connected to each other by a bus 11.
However, this configuration is not essential, and the device
may have a configuration in which the device is further
equipped with an image processing LSI in addition to the
CPU 6, and a part of processing is processed in a dedicated
LSI or a plurality of memories such as a RAM for the image
processing LSI is used, instead of using only one memory.

The camera 4 of the image processing device 1 is equipped
with imaging elements of, for example,a CCD ora CMOS. In
addition, the image processing device 1 and the control device
13 are connected to each other using communication means
12 such as a CAN (Controller Area Network), and are able to
transmit a processing result, or the like, of the image process-
ing device 1 to each other.

The image processing device 1 calculates controlled vari-
ables or the like of a target vehicle speed, deceleration, accel-
eration, an accelerator, and a brake for following-up a pre-
ceding vehicle from an image of the preceding vehicle in the
image which is imaged using the camera 4, and transmits the
calculated result to the control device 13. The control device
13 receives a signal transmitted by the image processing
device 1, sends an instruction to the actuator of the brake or
the accelerator which is not shown, and controls speed of the
vehicle. However, the image processing device 1 may have a
configuration in which an amount of change (magnification
ratio) of the magnitude of an area of the preceding vehicle on
the image is obtained instead of the controlled variables or the
like of the target vehicle speed, the deceleration, the accel-
eration, the accelerator, and the brake, the result is sent to the
control device 13, and the controlled variables or the like of
the target vehicle speed, the deceleration, the acceleration, the
accelerator, and the brake are calculated in the control device
13.

The image processing device 1 to which the invention is
applied is stored with an image processing program relating
to the embodiment in the ROM 7 in order to execute these, and
a series of functions for processing the image is executed by
executing these programs using the CPU 6 when power is
turned on. As shown in the functional block diagram of the
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image processing device 1 in FIG. 1, the image processing
device 1 is assumed to function as an image processing unit
20, a reference image setting unit 21, a comparison unit 22,
and a controlled variable calculation unit 23.

The image processing unit 20 in FIG. 1 has functions of
specifying an area of the preceding vehicle in the image
which is imaged using the camera 4 as the imaging device,
setting an image of the area of the preceding vehicle as the
reference image area at a time t in which a tracking control is
started, and setting the image of the area of the preceding
vehicle as the comparison image area at a time t+N after a
predetermined time. However, the unit may have a configu-
ration in which the setting of the reference image is manually
performed using a touch panel, an external interface, or the
like.

The reference image setting unit 21 includes a function of
maintaining an image in the reference image area which is set
in the image processing unit 20 in the memory 9. At this time,
the unit may have a configuration in which an image with a
magnitude including the reference image area, and coordi-
nates of the reference image area are maintained instead of the
image in the reference image area.

The comparison unit 22 has functions of comparing the
reference image area at the time t which is stored in the
memory 9 by the reference image setting unit 21, or an image
therein, to the comparison image area at the time t which is set
in the image processing unit 20, or an image therein, and
calculating travelling information with the preceding vehicle
as the moving object (for example, at least any one of a
magnification ratio as a change in magnitude of the image
area of the preceding vehicle, a translation amount which
denotes a change in position on the image, a distance from the
preceding vehicle in a real space, a transversal position of the
preceding vehicle, or the like). The comparison unit may have
a configuration of directly calculating parameters relating to
the deceleration, the acceleration, and turning of the vehicle
to be described later, instead of obtaining the magnification
ratio of the preceding vehicle area on the image, or the change
in position.

The controlled variable calculation unit 23 has a function
of calculating a controlled variable (for example, at least one
of'the target vehicle speed, the acceleration, the deceleration,
a target lateral acceleration, a target wheel angle, a target
rudder angle, a target yaw rate, or the like of the own vehicle)
of the own vehicle from the travelling information (for
example, at least one of the magnification ratio of the image
area of the preceding vehicle, the translation amount, the
movement amount of the preceding vehicle in real space, or
the like) which is obtained by the comparison unit 22. In
addition, the controlled variable calculation unit may have a
configuration in which an instruction value which is sent to
the actuator of the accelerator, the brake, and the steering is
obtained.

By using these functions, as shown in FIG. 4, for example,
since the image of the preceding vehicle in the comparison
image area is larger (the magnification ratio is less than 1)
than the reference image, when the area of the preceding
vehicle at the time t is set as the reference image, and the area
of'the preceding vehicle at the time t+N is set as the compari-
son image, an image of the comparison area of the preceding
vehicle which is obtained at a time t+N+1 becomes smaller
than the image at the time t+N, accordingly, it is possible to
control the vehicle so as to be similar to the reference image.
However, the magnification ratio may be defined so as to be
less than 1 when the reference image is larger than the com-
parison image. Likewise, in a case where the magnitudes of
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the reference image and the comparison image are equal, it is
not essential to make the magnification ratio 1.

As described above, the image processing device 1 which
is configured in this manner may perform processing of the
image, and calculates information which is necessary for
controlling the vehicle when the CPU 6 executes the image
processing program. However, as described above, the image
processing device may execute a part, or all of the image
processing units 20, the reference image setting unit 21, the
comparison unit 22, and the controlled variable calculation
unit 23 in the camera unit 2.

Here, a flow of a series of processes until the controlled
variable is calculated by the image processing device 1 in the
above-described image processing device 1 will be described
with reference to the flowchart in FIG. 5.

The series of processes in FIG. 5 is started when the power
in turned on, and is repeatedly performed until the power is
turned off. Here, an interface may be provided which may
operate the start or stop of the program.

First, when the power is turned on, the image processing
program is executed by the image processing device 1, and an
initialization processing at a time of startup like an initializa-
tion of the memory 9 such as the RAM is executed (step 101).

Subsequently, it is determined whether or not it is time to
perform initialization during the execution of the image pro-
cessing program (step 102), and when it is determined to be
time to perform initialization in step 103, the process pro-
ceeds to step 114, and when it is determined not to be time to
perform initialization in step 103, processing in step 104 is
executed.

In the initialization processing in step 114, processing of
clearing, nullifying, or the like of the reference image area
which is set in the image processing unit 20 in the past, and is
stored in the memory as a storage unit of the reference image
setting unit 21 is performed. In this manner, it is possible to
reset the program so as to follow a different vehicle.

In the determination of the initialization timing in step 102,
the timing is determined based on the information on whether
or not a driver operates a cancel button (not shown) which
cancels a tracking of a preceding vehicle, or whether or not
the driver steps on the brake. For example, it is determined as
the initialization timing when the cancel button is pressed, or
the brake is stepped on. In addition, when another vehicle
enters between the preceding vehicle and the own vehicle, it
is determined as the initialization timing.

In step 104, it is determined whether or not it is time to
performsetting of the reference image area. In the processing,
it is determined to be time to perform setting of the reference
image area, for example, when the driver presses a tracking
control start button which is not shown. Even in a case other
than the case where the driver presses the tracking control
start button, it is determined as time to perform setting of the
reference image area, when it is the case where another
vehicle enters between the preceding vehicle and the own
vehicle during preceding vehicle tracking control, or the like.
In addition, when it is determined not to be time to perform
setting of the reference image area, the process returns to step
102, and when it is determined to be time to perform setting,
the process proceeds to step 105, and whether or not the
setting of the reference image area is completed is deter-
mined.

In addition, when the setting of the reference image area is
completed, an image at the current time (a time in which the
time N has passed by from the reference image setting time)
is processed, and the image area of the preceding vehicle is
specified, and is set as the comparison image area (step 106).
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However, a time at which the reference image area is set is
determined as the time t.

Thereafter, whether or not the setting of the comparison
image area is successful is determined in step 107, and when
it is successful, the reference image area and the comparison
image area are compared to each other (step 108). Detailed
comparison method will be described later.

In addition, a controlled variable is calculated based on the
result obtained in step 108, and the controlled variable is
transmitted to the control device 13 through the communica-
tion means 12.

In addition, when it is determined that the setting of the
reference image area is not completed in step 105, an image at
the present time is processed, and the reference image area is
set (step 110). Here, when the setting of the reference image
area is successtful in step 111, the process returns to step 102,
and processing of calculating the controlled variable is
sequentially repeated using the set reference image area.
When it is determined that the setting of the reference image
area fails in step 111, information denoting that the setting of
the reference image area is a failure, that is, the setting of the
reference image area fails is output. The information is at least
one of display information shown on a display, sound infor-
mation with which a sound is emitted from a speaker, lamp-
lighting information of lighting up a lamp, and warning infor-
mation in which a buzzer is sounded, and due to these, the
driver is notified of an error (step 112).

Alternatively, it may be a configuration in which the setting
processing of the reference image area is repeatedly per-
formed, and when the setting processing fails a predeter-
mined number of times or more, the driver is notified of the
failure. Alternatively, when the setting processing of the ref-
erence image area fails, a control of maintaining a constant
speed, not the tracking control, or maintaining speed at that
time is executed. Alternatively, it may be a configuration in
which the control information maintaining the speed of the
vehicle to the constant speed or the speed at that time prelimi-
narily is output. At this time, naturally, it may be a configu-
ration in which the failure of setting of the reference image
area, that is, at least one of the above-described display infor-
mation, the sound information, the lamp-lighting informa-
tion, the warning information, or the like is output, the driver
is notified of the error due to these, and the control of main-
taining the constant speed is executed.

In addition, when it is determined that the setting of the
comparison image area fails in step 107, whether or not the
setting fails a predetermined number of times or more (M
times or more) in step 103, that is, whether or not the setting
of'the comparison image area fails a predetermined number of
times or more, and whether or not the preceding vehicle as the
moving object got out of range due to a right or left turn or the
like, that is, whether or not the moving object got out of the
range which may be imaged by the imaging device ofthe own
vehicle are determined. When it is determined that the num-
ber of failures is M times or less, and the preceding vehicle is
not out of the range, a current controlled variable is calculated
using at least any one of the past comparison result, and the
past calculation result of the controlled variable. That is, the
controlled variable which is calculated using the past travel-
ling information which is stored in advance, or the past con-
trolled variable which is stored in advance is output. When the
setting of the comparison image area fails a predetermined
number of times or more (fails M times or more), or the
moving object gets out of the range which may be imaged by
the imaging device of the own vehicle (the preceding vehicle
is out of the range), the process proceeds to step 112. Infor-
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mation denoting that the setting of the comparison image area
fails, that is, the setting of the reference image area fails is
output in step 112. The information is at least one of the
display information shown on a display, sound information in
which a sound is emitted from the speaker, lamp-lighting
information of lighting up alamp, and warning information in
which a buzzer is sounded, and due to these, the driver is
notified of the error. Alternatively, it may be a configuration in
which the control of maintaining the constant speed is
executed instead of the tracking control when the setting
processing of the comparison image area fails.

Subsequently, a flow of a series of processes of setting the
reference image by the image processing device 1 in the
above-described image processing device 1, will be described
with reference to the flowchart shown in FIG. 6.

First, it is determined whether or not it is the initializing
timing in step 201. For example, when it is determined that
the own vehicle is largely turned based on the information
which is obtained from a steering wheel angle sensor, a yaw
rate sensor, or the like, which is not shown, it is determined as
the initialization timing, and when a turning amount is a
predetermined amount or less, it is not determined as the
initialization timing.

When it is not the initialization timing in step 202, the
process proceeds to step 203, and a search range of detecting
a candidate of preceding vehicle is set. When it is the initial-
ization timing, the process proceeds to step 209, and the
search range of detecting the candidate of preceding vehicle,
or the like, is initialized.

In addition, the inside of the search range is scanned using,
for example, a well-known technology such as template
matching, and the candidate vehicle is detected (step 204). At
this time, it is possible to cut an area of the candidate vehicle
out from an edge which is obtained using a differential value
from adjacent pixels, or information of brightness value of
each pixel.

Thereafter, when it is determined that the candidate vehicle
is present (step 205), whether or not it is a vehicle is identified
using well-known technologies such as a support vector
machine (SVM), AdaBoost, RealAdaBoost, a Neural Net-
work in step 206. However, at this time, it is also possible to
identify the vehicle by comparing an image of the preceding
vehicle, or a feature amount which is extracted from the
image to a partial image of the current image, in a case where
it was possible to detect the preceding vehicle in the past.

For example, as the flowchart shown in FIG. 7, the partial
image is set in the search range, and whether or not the partial
image is identical to the past image of the preceding vehicle is
determined in step 210. When the scanning in the search
range is not completed (step 211), processing in step 210 is
repeatedly performed by changing the position and magni-
tude of the partial image.

When the identification processes all of the candidate
vehicles are not completed (step 207), the process returns to
step 206. When all of the identification processes are com-
pleted, a preceding vehicle as a target of the tracking control
is determined since it is determined as a vehicle by the iden-
tification process (step 208). In the determination processing
of determining whether or not it is the preceding vehicle,
whether or not it is the preceding vehicle is determined by
determining whether or not the detected vehicle is in the lane
mark where the own vehicle is travelling, or whether or not
the travelling direction is identical to each other.

In addition, when the candidate vehicle is not present in
step 205, processing of detecting the candidate vehicle is
omitted.
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When it is assumed that the preceding vehicle is detected,
an image at a certain time t is set as the reference image, and
the comparison image area is set at a time t+N thereafter using
the methods described above or the like, for example, a
parameter in which a value of the following expression 1
becomes minimal is obtained when comparing the reference
image in step 108 to the comparison image.

M Expression 1
3T UW G 2, 1) - T

i=0

Here, T is a brightness value of the reference image, 1 is
brightness of the comparison image, W is a function which
transforms the comparison image, z is a magnification ratio,
X is a translation amount (transversal) of a vehicle, ty is a
translation amount (vertical) of a vehicle, and M is the num-
ber of pixels of the reference image.

When coordinates of the pixel i is i=(X, y), the transforma-
tion function W is, for example,

Z-Xx+1x ] Expression 2

Wi p):(z_yHy

the magnification ratio z may be values which are different
in vertical and transversal directions, and may include param-
eters such as rotation and shearing. Here, the parameters z, tx,
and ty are integrally denoted by p.

A parameter which may transform the comparison image
so as to match the reference image is obtained using the
expression 1. When the magnification ratio can be obtained, it
is possible to determine whether a vehicle is close to the own
vehicle, or is far from the own vehicle. The expression 1 can
be solved as follows.

The parameter is changed by Ap so as to make e smaller. By
repeating this, the optimal solution is obtained. That is, pro-
cesses of describing the expression 1 as the expression 2,
obtaining the Ap, and substituting p+Ap for the p are repeated.

Expression 3

M
> UW G p+Ap) - T

i=0

When the expression 3 is applied with a primary taylor
expansion,

M Expression 4

2 ‘ . aw P
[I(W(z; PN+ VI—Ap-T(i)
ap

i=1

is obtained. When solving the Ap by setting the expression 4
is 0, the expression 5 is obtained. That is, it is possible to
obtain the Ap.

Expression 5
P P

M W T
Ap=H! E [Vla_] [7() - KW s p)]
p

i=1
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Here, H denotes a Hessian matrix, the suffix —1 denotes an
inverse matrix, and the suffix T denotes a transposed matrix.

However, the parameter to be obtained may be a parameter
relating to speed of own vehicle such as the deceleration, the
acceleration, the target vehicle speed, the distance between
vehicles, or the like of the own vehicle instead of the magni-
fication ratio. This can be executed by causing a two-dimen-
sional transformation of the image and the movement of the
own vehicle to correlate with each other, and formulating
thereof, since an enlargement, or a reduction of image of a
preceding vehicle is correlated with the vehicle speed of the
own vehicle, the deceleration, the acceleration, and the dis-
tance between vehicles. In addition, the parameter may be
parameters relating to turning of the own vehicle such as the
yaw rate of the own vehicle, the lateral acceleration, a turning
radius, the steering wheel rudder angle, the wheel angle, or
the like, instead of the translation amount (tx, ty) of the
vehicle. For example, the transformation function W is set as
the expression 6.

D+(v+a-0-1 Expression 6

) X+ X
Wi, p) =
(& p) D+(v+a-n-t
—p 1y

Here, the p is configured by D, v, a, tx, and ty, and the D
denotes a distance between vehicles, the v denotes relative
speed, the a denotes the acceleration of the own vehicle, and
the t denotes a short time (for example, 0.5 secs, 1 sec, 2 secs,
3 secs, or the like).

In addition, when it is a tracking control of a case where the
distance between vehicles is constant, the reference image
may be fixed, however, when it is desired to change the
distance between vehicles, the reference image is updated, or
the reference image is also subject to an image transformation
such as enlargement. For example, when the reference image
is enlarged, and is compared to the comparison image, the
distance between vehicles becomes short, and when the ref-
erence image is reduced, and is compared to the comparison
image, the distance between vehicles becomes long.

By adopting the above-described invention, it is possible to
provide an image processing device in which a precise param-
eter is obtained from a minute change in an image, and a
tracking control of a preceding vehicle with high precision
can be executed using only the image information from the
imaging device.

The above-described method has been described relating
to a camera in which one camera is used, however, it is
obvious that the embodiment may be applied to a case where
two or more cameras are used. When the embodiment is
applied to stereo cameras which use two cameras, setting of
the reference image, or the comparison image becomes easy,
and it is possible to control vehicles by using a three-dimen-
sional measurement result of the stereo cameras in combina-
tion. In addition, embodiments regarding vehicles have been
described, however, it is possible to apply the invention to
moving objects such as a robot, or construction machinery
such as a dump truck.

In addition, when the setting of the reference image, or the
setting of the comparison image fails, it is possible to deter-
mine whether or not the driver is travelling using the tracking
control, and to improve the safety of control by informing the
driver of the failure. Further, it is advantageous in that, when
the setting of the comparison image fails, it is possible to
execute the tracking control of the preceding vehicle, and a

10

15

20

25

30

35

40

45

50

55

60

65

10

control of maintaining the constant speed using only the
invention by performing the control of maintaining the con-
stant speed, and to perform a control in a case where a pre-
ceding vehicle is not present, or the like.

Second Embodiment

A second embodiment of the invention will be described in
detail with reference to drawings.

In the first embodiment, the example of applying the inven-
tion to the tracking control of the preceding vehicle has been
described, however, it is possible to perform a control of
maintaining the lane mark by using road surface paint which
is present continuously, and intermittently such as a lane mark
of'aroad.

Thatis, the second embodiment is configured by including,
an image processing unit 20 which detects a lane mark on the
road from an input image, sets an area of the detected lane
mark as the reference image area, and sets an area of the lane
mark after a predetermined time as a comparison image area;
acomparison unit 22 which compares the set reference image
area and the comparison image area with each other, and
calculates a translation component of the image and a rotation
parameter of the image; and a controlled variable calculation
unit 23 which calculates a controlled variable of turning of the
own vehicle from a translation component of the image, and
the rotation parameter of the image which are calculated in
the comparison unit 22.

Specifically, as shown in FIG. 8, an image of a lane mark at
a certain time t is set as the reference image, and an image of
the lane mark at a time t+N thereafter is set as the comparison
image. When the own vehicle travels in parallel to the lane,
usually the lane mark is imaged at the same position, however,
when the own vehicle leans to one side, and becomes not
parallel to the lane mark in the travelling direction, the lane
mark is imaged at a different position.

According to the embodiment, in the processing in step
108, for example, the parameter p in the expression 2 is set as
the translation components of the image tx, and ty, and the
rotation parameter 6 of the image, thereby obtaining tx, ty,
and 0. In addition, a controlled variable f turning of the
vehicle is obtained from the tx, ty, and 6 which are obtained in
step 109.

Alternatively, it is possible to calculate the controlled vari-
able of turning of the own vehicle such as a yaw rate, a lateral
acceleration, a turning radius, a steering wheel rudder angle,
awheel angle, and an angle of the vehicle or the camera in the
vertical direction (pitching), by incorporating the controlled
variable of turning of the own vehicle such as the yaw rate, the
lateral acceleration, the turning radius, the steering wheel
rudder angle, the wheel angle, and the angle of the vehicle or
the camera in the vertical direction (pitching) in the transfor-
mation function W of the image, and formulating thereof.

For example, when the parameter p is assumed to be con-
figured by the rotation parameter 6 of the image, and tx and ty,
the transformation function W becomes the expression 7.

cosf-x —sinf-y +1x ] Expression 7

Wi p) :(

sinf-x +cosf-y + 1y

Even in this second embodiment, similarly to the first
embodiment, it is possible to provide an image processing
device in which a precise parameter is obtained from a minute
change in an image, and a tracking control of a preceding



US 9,165,374 B2

11

vehicle with high precision can be executed using only the
image information from the imaging device.

In addition, in the above-described method, a camera in
which one camera is used been described, however, it is
obvious that the embodiment may be applied to a case where
two or more cameras are used. When the embodiment is
applied to stereo cameras which use two cameras, setting of
the reference image, or the comparison image becomes easy,
and it is possible to control vehicles by using a three-dimen-
sional measurement result of the stereo cameras in combina-
tion. In addition, embodiments regarding vehicles have been
described, however, it is possible to apply the invention to
moving objects such as a robot, or construction machinery
such as a dump truck.

In addition, the magnification ratio, the translation amount,
the rotation, and the shearing of the image have been
described, however, obviously, it is possible to use other
affine transformation parameters which transform a square
image into a trapezoidal image.

What is claimed is:

1. An image processing device which performs a tracking
control based on a controlled variable of an own vehicle with
respect to a moving object, the device comprising:

an image processing unit which specifies an area of the
moving object from an input image, sets the specified
area of the moving object as a reference image area after
starting the tracking control, and sets an area of the
moving object as a comparison image area at a time after
the specified area is set;

a comparison unit which compares the set reference image
area and the comparison image area, and calculates trav-
elling information relating to the moving object; and

a controlled variable calculation unit which calculates the
controlled variable of the own vehicle from travelling
information which is calculated in the comparison unit;

wherein, when it is determined that the setting of the com-
parison image area fails, the image processing unit
determines whether or not setting of the comparison
image area fails a predetermined number of times or
more, and whether or not the moving object is out of a
range to be imaged in the imaging device of the own
vehicle;

wherein the controlled variable calculation unit outputs the
controlled variable which is calculated using the past
travelling information stored in advance, or the past
controlled variable which is stored in advance, when itis
determined that the setting of the comparison image area
does not fail a predetermined number of times or more
and determined that the moving object is not out of the
range to be imaged in the imaging device of the own
vehicle; and

wherein the controlled variable calculation unit outputs
information denoting a failure when the setting of the
comparison image area fails the predetermined number
of times or more, or the moving object gets out of the
range which may be imaged by the imaging device ofthe
own vehicle.
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2. The image processing device according to claim 1,

wherein the travelling information relating to the moving
object is at least one of a magnification ratio which
denotes a ratio of change in magnitude of an image area
of the moving object, a translation which denotes a
change in position on an image, a distance between
vehicles from a preceding vehicle, a transversal position
of the preceding vehicle, relative speed between the
preceding vehicle and the own vehicle, and an accelera-
tion of the own vehicle.

3. The image processing device according to claim 1, fur-

ther comprising:

a reference image setting unit which stores an image cor-
responding to the reference image area which is set in the
image processing unit in a storage unit.

4. The image processing device according to claim 1,

wherein the controlled variable of the own vehicle is at
least one of vehicle speed, the acceleration, the decel-
eration, a lateral acceleration, a wheel angle, a steering
angle, and a yaw rate of the own vehicle.

5. The image processing device according to claim 1,

wherein the image processing unit outputs information
denoting that setting of the reference image area fails,
when it is determined that the setting of the reference
image area fails.

6. The image processing device according to claim 5,

wherein the information denoting that the setting of the
reference image area to be output fails is at least one of
display information shown on a display, sound informa-
tion in which a sound is emitted from a speaker, lamp-
lighting information of lighting up a lamp, and warning
information in which a buzzer is sounded.

7. The image processing device according to claim 5,

wherein the information denoting that the setting of the
reference image area to be output fails is control infor-
mation which maintains the speed of the own vehicle to
a predetermined speed, or to speed at a time point in
which the information is denoted.

8. The image processing device according to claim 5,

wherein the information denoting that the setting of the
reference image area to be output fails includes at least
one of display information shown on a display, sound
information in which a sound is emitted from a speaker,
lamp-lighting information of lighting up a lamp, and
warning information in which a buzzer is sounded, and
control information which maintains the speed of the
own vehicle to a predetermined speed.

9. The image processing device according to claim 1,

wherein the image processing unit scans an inside of a
search range from an input image, detects a candidate
moving object, identifies whether or not it is a moving
object from the detected candidate moving object, and
determines whether or not it is a moving object as a
target of the tracking control from the identified moving
object.



